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Microtremor Measurement of  Traditional Old Houses with “Waku-no-uchi”  
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We investigated vibration characteristics of traditional old houses with “Waku-no-uchi” structure that covers atrium by 
multi-layered large beams and girders, based on microtremor measurement. Those old houses were expected to show 
torsional response because “Waku-no-uchi” structure  has high stiffness in horizontal plane of structure. Natural 
frequency of the first mode was estimated 1.7 to 2.7 Hz in transverse direction and 3.0 to 4.6 Hz in longitudinal 
direction. Relative displacement and displacement orbit of the second floor showed the translation motion in the natural 
frequency of the first mode and the torsional motion in the natural frequency of higher mode.  
Key Words : Traditional Old House㧘”Waku-no-uchi”㧘Microtremor Measurement㧘Tortional Response 
１．ߪߓ߼に
ㄭᐕޔવ⛔⊛ᑪㅧ‛ࠍ଻ሽߒࠃ߁ߣߔࠆേ߈߇ᵴ⊒ߦߥࠅޔᑪ▽ผ⊛ߥ⎇ⓥߛߌߢߥߊޔ⠴㔡ᕈ⢻߿ᝄേ
․ᕈߣ޿ߞߚ᭴ㅧ⊛ߥ․ᕈࠍᛠីߒࠃ߁ߣߔࠆ⹜ߺ߇ᢙᄙߊⴕࠊࠇߡ޿ࠆ1)2)ߥߤޕߘߩ⢛᥊ߦߪޔ࿾㔡ߦࠃ
ࠆⵍኂߦࠃߞߡޔવ⛔⊛ᑪㅧ‛ࠍ฽߻ᢥൻ⽷߇ሽ⛯ߩෂᯏߦߐࠄߐࠇࠆߎߣ߇ߒ߫ߒ߫⿠߈ߡ߅ࠅޔવ⛔⊛
ᑪㅧ‛ࠍᑪ▽᭴ㅧߩⷞὐ߆ࠄ⎇ⓥߔࠆߎߣߩᗧ⟵ߪᄢ߈޿ߣ⠨߃ࠄࠇࠆޕ
⪺⠪ࠄߪንጊ⋵ṖᎹᏒߣߘߩ๟ㄝߦ޽ࠆޟᨒߩౝޠߣ๭߫ࠇࠆߎߩ࿾ᣇ⁛․ߩવ⛔⊛ߥ᭴ㅧࠍᜬߟฎ᳃ኅ
ࠍ⺞ᩏߔࠆᯏળࠍᓧߚޕንጊ⋵࡮⍹Ꮉ⋵ߥߤߩ࿾ၞߢߪޔޟᨒߩౝޠߣ๭߫ࠇࠆ็߈ᛮߌⓨ㑆ࠍᜬߟฎ᳃ኅ
߇ᢙᄙߊሽ࿷ߔࠆޕޟᨒߩౝޠߦߟ޿ߡᑪ▽ᄢㄉౖ3)ߦߪޔޟᨒߩౝޠߣߪޔޡޟ߭ࠈ߹ޠ߹ߚߪޟ߅߃ޠ
ߣ⒓ߔࠆዬ㑆޽ࠆ޿ߪ࿯㑆ߦ߅޿ߡޔ4ᧄએ਄ߩᩇߣᐔ‛㧔ᜰ㡞ዬ㧕࡮⽾࡮ᄢᒁ߈࡮᪞ߥߤߦࠃߞߡ੗ᭈ
㧔ߖ޿ࠈ߁㧕ᒻߦ᭴ㅧ૕ࠍㅧࠅ਄ߍޔߎࠇࠍᩭߣߒߡઁߩㇱಽߩ᭴ㅧࠍㅧࠅ਄ߍߡࠁߊᣇᴺޕޢߣ޽ࠆޕ࿯
㑆߿ዬ㑆ߥߤ౏౒ᕈߩ㜞޿ⓨ㑆ߦ㜞޿็߈ᛮߌࠍㅧࠅޔߘߩኅࠍ᭴ᚑߔࠆㇱ᧚ߩਛߢ߽ᦨ߽㜞⚖ߢޔᄥ޿᪞
ࠍ੗ᩴ⁁ߦដߌࠆߎߣߦࠃߞߡޔ᳓ᐔ᭴㕙ߩ೰ᕈࠍ㜞߼ߡ޿ࠆޕ
ޟᨒߩౝޠߪ็߈ᛮߌⓨ㑆ߦᐞᧄ߽ߩᄥ޿᪞߇ដߌࠄࠇߡ޿ࠆߚ߼ޔធวㇱߩ⁁ᘒߦ߽ࠃࠆ߇ޔ᳃ኅߩߥ
߆ߢ߽᳓ᐔ᭴㕙ߩ೰ᕈ߇㜞޿ⷐ⚛ߦߥߞߡ޿ࠆน⢻ᕈ߇⠨߃ࠄࠇࠆޕ߹ߚޔޟᨒߩౝޠߩដߌࠄࠇࠆ࿯㑆߿
ዬ㑆ߣ޿ߞߚⓨ㑆ߪᱜ㕙಴౉ญઃㄭߦ⸳⟎ߐࠇࠆߎߣ߇ᄙ޿਄ߦޔߎࠇࠄߩฎ᳃ኅߪ੩↸ደߥߤߣหߓߊޔ
ᐔ㕙⊛ߦߪ❑㐳ߩ߽ߩ߇ᄙ޿ߚ߼ޔᑪ‛ᝄേߩⷰὐ߆ࠄߪޔߨߓࠇᝄേࠍബ⿠ߔࠆน⢻ᕈ߇⠨߃ࠄࠇࠆޕ
ޟᨒߩౝޠࠍᜬߟฎ᳃ኅߪᢥൻㆮ↥ߣߒߡߩଔ୯߽㜞ߊޔฎ᳃ኅࠍᡷୃߔࠆ㓙ߦ߽ޟᨒߩౝޠߩߺ⃻࿷ߩ
ᆫߩ߹߹㙃↢ߒߡ⒖▽ߔࠆ଀ߥߤ⷗ฃߌࠄࠇࠆޕ৻ᣇߢޔ2007ᐕ⢻⊓ඨፉ࿾㔡ߦ߅޿ߡߪベፉᏒౝߩޟᨒߩ
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ޔ߽ߢ๧ᗧߩ⼔଻⽷ൻᢥߪߣߎߊ߅ߡߒីᛠࠍᕈ․േᝄߩߘޔࠅ߅ߡࠇߐ๔ႎ߇ኂⵍ㔡࿾ߢ‛ᑪߟᜬࠍޠౝ
Ᏹߡ޿ߟߦኅ᳃ฎߟᜬࠍޠౝߩᨒޟߩ᫟7⸘วޔߪߢ⺰ᧄޕࠆ޽ߢ↪᦭߽ߢ๧ᗧ߁޿ߣ╷ኻ㔡࿾ߩቛ૑ㅧᧁ
ޕߚߒ⸛ᬌߡ޿ߟߦᕈ․േᝄߥ⊛ᧄၮޔ޿ⴕࠍ᷹ⷰേᓸᤨ
要᭎のኅ民ฎߟ持をޠౝのᨒޟ．２
ޕࠆ޽ߢ᫟7⸘วߩ᫟1ߩᏒ᳓኿ߣ᫟6ࠆߔ࿷ὐߦ޿ᴪ㆏ⴝ࿖ർࠆㅢࠍᏒᎹṖ⋵ጊንߪኅ᳃ฎߚߒߣ⽎ኻᩏ⺞
ᦼᓟઍᤨᚭᳯߨ᭎ޔ߇ࠆ޿ߡߞߥߦ߆ࠄ᣿ߪߡ޿ߟߦㇱ৻ޔߊߥߪߢ߆ቯߡ޿ߟߦ‛ᑪߩߡߴߔߪઍᐕ⸳ᑪ
ߦ2࿑ޔࠍ࿑㕙ᐔߥ⊛⴫ઍߩኅ᳃ฎߟᜬࠍޠౝߩᨒޟߦ1࿑ޕࠆࠇࠊᕁߣߩ߽ߚࠇࠄߡᑪߦᦼ೨ઍᤨᴦ᣿ࠄ߆
ޕࠆ޽ߢߩ߽ߚࠇߐᢿಾߢ✢㕙ᢿߩ1࿑ߪ࿑㕙ᢿޕߔ␜ࠍ࿑㕙ᢿߩኅ᳃ߓหߪ
✢㕙ᢿ
߇ಽㇱߚߞ࿐ߢᨒ⿒
ࠆߔᒰ⋧ߦޠౝߩᨒޟ
㧕mm ૏න㧔࿑㕙ᐔ㓏2 ኅYM 1 ࿑
㧕mm ૏න㧔࿑㕙ᢿኅYM  2 ࿑

߇ಽㇱߚࠇ߹࿐ߢ✢ὐ⿒ߩ2࿑߮ࠃ߅ಽㇱߔ␜ߢ✢ὐߩ1࿑
ᄥߥ߁ࠃߔ␜ߦ1⌀౮ߦಽㇱߌᛮ߈็ޔࠅ߅ߡߞߥߣޠౝߩᨒޟ
߆ᤨ▽ᣂߪޠౝߩᨒޟޕࠆ޿ߡࠇࠄߌដߡߞߥ㊀߽ߦ㊀ᐞ߇᪞޿
߽ߚࠇߐ౉ᝌߡߖࠊ޽ߦߤߥ▽ᡷࠄ߆ᓟޔߣߩ߽ࠆ޿ߡࠇࠄㅧࠄ
ߦᐕೋᴦ᣿ߪߢ㧕ኅYM㧔ኅ᳃ߩߎޔ߅ߥޕࠆ޽ߢ߁ࠃࠆ޽߇ߩ
ᒰ⸳ᑪߪᩮደޔߚ߹ޕࠆ޿ߡࠇࠄ⍮߇ߣߎߚߒ౉ᝌࠍޠౝߩᨒޟ
ࠇࠄߌដ߇ᩮደ⫘ⅽ޿ߒᣂߡߌ⸳ࠍߺ⚵ደዊߦ਄ߩᩮደ⫘᧼ߩೋ
ߒኻߦญ㑆ߚߒ㕙ߦࠅㅢޔߢኅ᳃ߩᑼᒻߩߎߩߤࠎߣ߶ޕࠆ޿ߡ
 ޕ޿ᄙ߇ߣߎࠆ޿ߡߒࠍ⁁ᒻߩ㐳❑ߪߦ⊛㕙ᐔޔߊ㐳ߪ߈ⴕᅏߡ
 㧕ኅYM㧔ޠౝߩᨒޟ 1⌀౮
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３．Ᏹᤨᓸ動᷹ⷰ 
 ೨ㅀߩ7᫟ߩ᳃ኅߦߟ޿ߡޔߘࠇߙࠇߩၮᧄ⊛ߥᝄേ․ᕈࠍᛠីߔࠆߚ߼ߦᏱᤨᓸേ᷹ⷰࠍⴕߞߚޕ᷹ⷰ
ߦߪ᧲੩᷹ᝄ␠⵾ߩࠨ࡯ࡏဳㅦᐲ⸘VSE-15Dࠍᑪ‛1㓏࿯㑆ߩㇱಽ߅ࠃ߮2㓏ߩ߶߷㊀ᔃߣᕁࠊࠇࠆ૏⟎ߩޔ
ߢ߈ࠆߛߌᩇޔ᪞ߦㄭ޿ᐥ਄2▎ᚲߦ⸳⟎ߒߚޕฦ▎ᚲߢ᳓ᐔ2ᣇะ㧔ᑪ‛㑆ญ߅ࠃ߮ᅏⴕᣇะ㧕ޔ਄ਅ1ᣇ
ะߩ⸘3ᚑಽߦߟ޿ߡ᷹ⷰࠍⴕߞߚޕ᳓ᐔ2ᚑಽߪᑪ‛㑆ญᣇะߣᑪ‛ᅏⴕᣇะߣߒߡ޿ࠆޕ⸘᷹ᤨ㑆ߪ10ಽ
㑆ߢޔࠨࡦࡊ࡝ࡦࠣ๟ᵄᢙߪ100HzߣߒߚޕNMኅߦߟ޿ߡߪޔ1㓏ߣ2㓏ߩ߶߷ᑪ‛ߩ㊀ᔃߣᕁࠊࠇࠆ૏⟎
ߢ⸘᷹ߒߚઁߦޔߨߓࠇᝄേߩ᛽಴ࠍ⋡⊛ߣߒߡޔ2㓏ਛᄩㇱߣ2㓏ධ┵ㇱޔ2㓏ධ┵ㇱߣ2㓏ർ┵ㇱߩ⚵ߺว
ࠊߖߢ߽⸘᷹ࠍⴕߞߚޕ
４．᷹ⷰ⸥㍳のᬌ⸛ 

࿑3ߦNMኅߩ1㓏ᐔ㕙࿑ߣㅦᐲ⸘⸳⟎૏⟎ࠍᤊශߢ␜ߔޕᤊශ৻ߟߦኻߒߡㅦᐲ⸘߇3ᚑಽ⸳⟎ߐࠇߡ޿ࠆޕ
ዏޔ࿑ਛߩ⿒ᨒߪޟᨒߩౝޠㇱಽࠍ␜ߔޕㅦᐲ⸘ߪ࿑3ߩ1㓏ᐔ㕙࿑ߣ߶߷ห૏⟎ߣᕁࠊࠇࠆ2㓏ߩߘࠇߙࠇ
ߩ૏⟎ߦ⸳⟎ߒߚޕ⴫1ߦᏱᤨᓸേ᷹ⷰ߆ࠄផቯߒߚฦ᳃ኅߩ1ᰴ࿕᦭๟ᵄᢙࠍ␜ߔޕ࿕᦭๟ᵄᢙࠍ᳞߼ࠆߦ
ᒰߞߡߪޔ⸘᷹ߒߚ10ಽ㑆ߩᤨೞᱧᵄᒻ߆ࠄᲧセ⊛ᵄᒻߩ቟ቯߒߡ޿ࠆ40.96⑽㑆ߩዊ඙㑆ࠍ10୘ಾࠅ಴ߒޔ
FFTࠍ↪޿ߡࡈ࡯࡝ࠛࠬࡍࠢ࠻࡞߆ࠄ1㓏ߣ2㓏ߩવ㆐㑐ᢙࠍ᳞߼ߚᓟޔ10୘ߩᐔဋࠍขߞߚࡈ࡯࡝ࠛᝄ᏷ࠬ
ࡍࠢ࠻࡞Ყ㧔વ㆐㑐ᢙߩ⛘ኻ୯㧕߆ࠄࡇ࡯ࠢߩ୯ߦኻᔕߔࠆ๟ᵄᢙࠍ⺒ߺขߞߚޕ
ਛᄩ
ධ┵ർ┵
ޟᨒߩౝޠ
࿑ 3 NMኅߩ 1㓏ᐔ㕙࿑ߣ࠮ࡦࠨ࡯⸳⟎૏⟎㧔࿑ਛߩㅦᐲ⸘ߪ 2㓏ߦ⸳⟎㧕

⴫ 1 ฦ᳃ኅߩ࿕᦭๟ᵄᢙߣᐔ㕙ᒻ⁁
ᐔ㕙❑ᮮᲧ
㑆ญᣇะ ᅏⴕᣇะ 㑆ญᣇะ ᅏⴕᣇะ 㧔ᅏⴕ㑆ญ㧕 㑆ญ ᅏⴕ
AKኅ 2.7 4.6 18.6 16.4 0.9 1.8 1.8
DIኅ 1.7 4.3 9.6 18.3 1.9 2.4 2.3
KDኅ 1.9 3.6 9.6 19.1 2.0 2.5 2.3
MYኅ 2.4 3.0 13.8 17.3 1.3 3.5 0.9
NKኅ 2.5 3.6 11.0 17.5 1.6 2.3 3.0
NMኅ 2.5 4.6 8.3 12.0 1.4 2.1 1.4
STኅ 2.4 3.8 8.3 19.4 2.3 1.7 2.8
1ᰴ࿕᦭๟ᵄᢙ(Hz)
ᑪ‛
㐳ߐ(m) ㊀ᔃ㑆〒㔌(m)
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 ⴫ 1 ࠃࠅޔផቯߒߚ 1 ᰴ࿕᦭๟ᵄᢙߪฦ᳃ኅߣ߽ޔ㑆ญᣇะߢ 1.7Hz㨪2.7Hzޔᅏⴕᣇะߢ 3.0Hz㨪4.6Hz
ߦಽᏓߒߡ߅ࠅޔᅏⴕᣇะߩ࿕᦭๟ᵄᢙ߇㜞߼ߩ௑ะࠍ␜ߒߡ޿ࠆޕߎߩ௑ะߪᑪ‛ߩᐔ㕙ᒻ⁁߿ᑪ‛ᱜ㕙
ߪ㐿ญㇱ߇ᄙ޿ߩߦኻߒߡޔᅏⴕᣇะߦߪᄖო߇ᄙ޿ߎߣ߆ࠄ߽ផ᷹ߢ߈ࠆޕᅏⴕᣇะߩᐔ㕙㐳ߐߦኻߔࠆ
㑆ญᣇะߩᐔ㕙㐳ߐߩᲧࠍᐔ㕙❑ᮮᲧߣߒߡቯ⟵ߔࠆߣޔAK ኅએᄖߩ᳃ኅߢߪߔߴߡᐔ㕙❑ᮮᲧ߇ 1 ࠍ⿥
߃ޔߐࠄߦ 2೨ᓟߩ߽ߩ߇ඨᢙㄭߊࠍභ߼ߡ޿ࠆޕDIኅߣ KDኅߪᐔ㕙❑ᮮᲧ߇߅ࠃߘ 2ߢ޽ࠅޔ㑆ญᣇะ
ߩ 1ᰴ࿕᦭๟ᵄᢙ߽ 2.0Hzࠍਅ࿁ߞߡ޿ࠆޕ৻ᣇޔAKኅߢߪᐔ㕙❑ᮮᲧ߇ 0.9ߣ໑৻ޔ1ࠍਅ࿁ߞߡ߅ࠅޔ
1 ᰴ࿕᦭๟ᵄᢙ߽㑆ญᣇะߢ 2.7Hzޔᅏⴕᣇะߢ 4.6Hz ߣޔᦨ߽࿕᦭๟ᵄᢙ߇㜞޿୯ࠍ␜ߒߡ߅ࠅޔᐔ㕙ᒻ
⁁ߣ࿕᦭๟ᵄᢙߩ㑆ߦ޽ࠆ⒟ᐲߩ⋧㑐߇⷗ࠄࠇࠆޕ߹ߚ஍ᔃߩ⒟ᐲࠍ⴫ߔᜰᮡߣߒߡޔᑪ‛ᐔ㕙ో૕ߩ㊀ᔃ
ߣޟᨒߩౝޠㇱಽߩ㊀ᔃߣߩᏅࠍ㊀ᔃ㑆〒㔌ߣߒߡޔᅏⴕ࡮㑆ญᣇะߏߣߦ᳞߼ߚޕ㊀ᔃ㑆〒㔌ߪ 1m㨪3m
ߩ㑆ߦಽᏓߒޔ᭎ߨ 2m ೨ᓟߣߥࠆߎߣ߇ᄙ޿ޕߎߩ⚿ᨐ߆ࠄ߽ޟᨒߩౝޠߩሽ࿷߇ᑪ‛ో૕ߩߨߓࠇᝄേ
ߦᓇ㗀ࠍਈ߃ࠆน⢻ᕈ߇ᗐ௝ߐࠇࠆޕ
 ࿑ 4ߦฦ᳃ኅߩࡈ࡯࡝ࠛᝄ᏷ࠬࡍࠢ࠻࡞Ყࠍ␜ߔޕ޿ߕࠇߩ᳃ኅߦߟ޿ߡ߽㑆ญޔᅏⴕ߈ᣇะߣ߽ 1ᰴߩ
࿕᦭๟ᵄᢙߪ᣿⏕ߦ⃻ࠇߡ޿ࠆޕAK ኅߩᅏⴕᣇะߪ 1 ᰴ࿕᦭๟ᵄᢙߣ್ᢿߒߚ 4.6Hz ࠃࠅ߽ૐ޿๟ᵄᢙ
3.5Hz ޽ߚࠅߦૐ޿ࡇ࡯ࠢ߇⷗ࠄࠇޔߎࠇߦߟ޿ߡߪߐࠄߦᬌ⸛߇ᔅⷐߢ޽ࠆޕ㑆ญᣇะߩ㜞ᰴߩ࿕᦭๟ᵄ
ᢙ߇ᅏⴕᣇะߩ 1ᰴ࿕᦭๟ᵄᢙߣㄭធߒߡ޿ࠆߣߎࠈ߇޿ߊߟ߆⷗ࠄࠇߡ޿ࠆޕ
䎖䎓
䎕䎘
䎕䎓
䎔䎘
䎔䎓
䎘
䎤䏐
䏓䏏䏌
䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎤䎮ኅ
䎔䎓䎓
䎛䎓
䎙䎓
䎗䎓
䎕䎓
䎓
䎤䏐
䏓䏏䏌
䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎧䎬ኅ
䎖䎓䎓
䎕䎘䎓
䎕䎓䎓
䎔䎘䎓
䎔䎓䎓
䎘䎓
䎓
䎤䏐
䏓䏏䏌
䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎮䎧ኅ
䎔䎓䎓
䎛䎓
䎙䎓
䎗䎓
䎕䎓
䎓
䎤䏐
䏓䏏䏌
䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎰䎼ኅ
䎔䎓䎓
䎛䎓
䎙䎓
䎗䎓
䎕䎓
䎓
䎤䏐
䏓䏏䏌
䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎱䎮ኅ
䎘䎓
䎗䎓
䎖䎓
䎕䎓
䎔䎓䎤
䏐䏓
䏏䏌䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎱䎰ኅ
࿑ 4 ฦ᳃ኅߩࡈ࡯࡝ࠛᝄ᏷ࠬࡍࠢ࠻࡞Ყ㧔ᰴࡍ࡯ࠫߦ⛯ߊ㧕
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․ߦ AKኅߩ 4.0-5.0HzޔSTኅߩ 3.0-4.0Hzߢߪ
㑆ญᣇะߩ 2 ᰴ࿕᦭๟ᵄᢙߣᅏⴕᣇะߩ 1 ᰴ࿕
᦭๟ᵄᢙ߇߶߷৻⥌ߒߡ߅ࠅޔߎߩ๟ᵄᢙᏪߢ
ߨߓࠇᝄേߥߤޔਗㅴᚑಽએᄖߩᝄേࡕ࡯࠼߇
ബ⿠ߐࠇߡ޿ࠆน⢻ᕈ߇⠨߃ࠄࠇࠆޕዏޔࠬࡍ
ࠢ࠻࡞Ყߩᦨᄢ୯ߪో૕⊛ߦ߆ߥࠅᄢ߈ߥ߽ߩ
ߣߥߞߡ޿ࠆ߇ޔߎࠇߪ᷹ⷰࠍⴕߞߚᣣߦߪᒝ
㘑߇็޿ߡ߅ࠅޔ᷹ⷰ⸥㍳ߦ㘑ߩᓇ㗀ࠍ฽ࠎߢ
޿ࠆน⢻ᕈ߇޽ࠆޕߎߩὐߦߟ޿ߡߪ੹ᓟߐࠄ
ߦᬌ⸛ߔࠆ੍ቯߢ޽ࠆޕ
䎘䎓
䎗䎓
䎖䎓
䎕䎓
䎔䎓䎤
䏐䏓
䏏䏌䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎶䎷ኅ
࿑ 4 ฦ᳃ኅߩࡈ࡯࡝ࠛᝄ᏷ࠬࡍࠢ࠻࡞Ყ㧔೨ࡍ࡯ࠫ߆ࠄߩ⛯߈㧕
࿑ 5ߦߪ NMኅߦߟ޿ߡޔ2㓏ਛᄩߣධ┵ߩࡈ࡯࡝ࠛᝄ᏷ࠬࡍࠢ࠻࡞Ყࠍޔ࿑ 6ߦߪ 2㓏ർ┵ߣධ┵ߩࡈ
࡯࡝ࠛᝄ᏷ࠬࡍࠢ࠻࡞Ყࠍ␜ߔޕNMኅ 2㓏ߩㅦᐲ⸘⸳⟎ߩ⁁ᴫߪ࿑ 3ߦ␜ߒߚㅢࠅߢ޽ࠆޕਛᄩߣධ┵ߩ
㑐ଥߦߟ޿ߡߪ 3Hz⒟ᐲ߹ߢߩᲧセ⊛๟ᵄᢙߩૐ޿㗔ၞߢߪ㑆ญᣇะߢ⚂ 2୚⒟ᐲޔਛᄩߩᝄ᏷߇ᄢ߈ߊߥ
ߞߡ޿ࠆޕ߹ߚޔ3Hz ࠍㆊ߉ߚ޽ߚࠅ߆ࠄߪޔᲧセ⊛ᄢ߈ߥ⪭ߜㄟߺ߇ 4㨪5Hz ߦ⷗ࠄࠇࠆޕߘࠇࠃࠅ߽㜞
޿๟ᵄᢙ㗔ၞߢߪޔ5Hzᒙߣ 6Hzࠍ⿧߃ߚ޽ߚࠅߦࡇ࡯ࠢ߇⷗ࠄࠇࠆޕߒߚ߇ߞߡޔ㑆ญᣇะߩᝄേߪᲧセ
⊛๟ᵄᢙߩૐ޿㗔ၞߢߪ 2㓏ਛᄩߢᝄ᏷߇ᄢ߈ߊޔධ┵ߢߪዊߐߥ߽ߩߣߥߞߡ޿ࠆޕᅏⴕᣇะߦߟ޿ߡߪޔ
߶߷ࠬࡍࠢ࠻࡞Ყ߇ 1ߢ޽ࠅޔ2㓏ਛᄩߣධ┵ߢ߶߷ห৻ߩ᜼േࠍߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ
ർ┵ߣධ┵ߩ㑐ଥߦߟ޿ߡ߽ห᭽ߦޔ㑆ญᣇะߦߟ޿ߡߪ 3Hz⒟ᐲ߹ߢߩᲧセ⊛๟ᵄᢙߩૐ޿㗔ၞߢ 2㨪
3 ୚⒟ᐲޔർ┵ߩᝄ᏷߇ᄢ߈ߊߥࠅޔ2 㓏ਛᄩߣධ┵ߩ㑐ଥߣ߶߷หߓߢ޽ࠆޕߘࠇࠃࠅ߽㜞޿๟ᵄᢙ㗔ၞ
ߦߥࠆߣޔࡇ࡯ࠢ߿⪭ߜㄟߺ߇⷗ࠄࠇޔ5Hz ᒙߩߣߎࠈߢᄢ߈ߥࡇ࡯ࠢ߇⷗ࠄࠇࠆޕ߹ߚޔ6Hz ೨ᓟߦߪᄢ
߈ߥ⪭ߜㄟߺ߇⷗ࠄࠇࠆޕᅏⴕᣇะߦߟ޿ߡߪਛᄩߣධ┵ߩ㑐ଥߣห᭽ߦࠬࡍࠢ࠻࡞Ყ߇߶߷ 1ߢ޽ࠆޕ㑆
ญᣇะߦߟ޿ߡߪޔ3Hz ޽ߚࠅߩ๟ᵄᢙ㗔ၞ߹ߢߪධ┵ߦኻߒߡޔਛᄩޔർ┵ߣ߽ߦᝄ᏷߇ᄢ߈ߊߥࠆ௑ะ
ߢ޽ࠅޔ3Hzએ਄ߩᲧセ⊛๟ᵄᢙߩ㜞޿㗔ၞߢߪⶄ㔀ߥᝄേࠍߔࠆ߽ߩߣ⠨߃ࠄࠇࠆޕ
䎘
䎗
䎖
䎕
䎔䎤
䏐䏓
䏏䏌䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎱䎰ኅ䯴ਛᄩ䎒ධ┵䯵
䎘
䎗
䎖
䎕
䎔䎤
䏐䏓
䏏䏌䏗䏘
䏇䏈
䎃䎵
䏄䏗䏌
䏒
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎱䎰ኅ䯴ർ┵䎒ධ┵䯵 䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
࿑ 5 ਛᄩߣධ┵ߩࡈ࡯࡝ࠛᝄ᏷ࠬࡍࠢ࠻࡞Ყ㧔NMኅ㧕 ࿑ 6 ർ┵ߣධ┵ߩࡈ࡯࡝ࠛᝄ᏷ࠬࡍࠢ࠻࡞Ყ㧔NMኅ㧕
 ࿑ 5ޔ࿑ 6ߦኻᔕߔࠆ૏⋧ࠬࡍࠢ࠻࡞ࠍ࿑ 7ߦ␜ߔޕᅏⴕᣇะߩ૏⋧ࠬࡍࠢ࠻࡞ߪਛᄩ㧛ධ┵ޔർ┵㧛ධ
┵ߣ߽ߎߩᣇะߩ 1ᰴ࿕᦭๟ᵄᢙ๟ㄝߩ 4-5Hzߢ૏⋧ߪ߶߷ 0ࠍ␜ߒޔઁߩ๟ᵄᢙᏪߢ߽ੂࠇߪዊߐ޿ޕࡈ
࡯࡝ࠛᝄ᏷ࠬࡍࠢ࠻࡞Ყߩ⚿ᨐߣวࠊߖߡޔ2 㓏ߩᅏⴕᣇะߪ 3 ߟߩ᷹ቯὐߢ߶߷ห৻ߩᝄേࠍߒߡ޿ࠆߣ
⠨߃ࠄࠇࠆޕ৻ᣇޔ㑆ญᣇะߢߪߎߩᣇะߩ 1ᰴ࿕᦭๟ᵄᢙߦ޽ߚࠆ 2-3Hzઃㄭߣਛᄩ㧛ධ┵㧔࿑ 7Ꮐ㧕ߩ
2ᰴߩ࿕᦭๟ᵄᢙߦ⋧ᒰߔࠆ 5-6Hzߢ૏⋧ߪ߶߷ 0ߣߥߞߡ޿ࠆޕ
࿑ 8ߦߪ 2㓏ߩ᷹ⷰ⸥㍳߆ࠄ᳞߼ߚ㑆ญᣇะߣᅏⴕᣇะߩᄌ૏ᵄᒻߩ゠〔ࠍ␜ߔޕᄌ૏ᵄ゠〔ࠍ᳞߼ࠆߦ
ᒰߚࠅޔ1 ࿁ߩ᷹ⷰߢᓧࠄࠇࠆ 10 ಽ㑆ߩ⸥㍳߆ࠄಾࠅ಴ߒߚ 10 ඙㑆ߩ 40.96 ⑽㑆ߩ߁ߜ߆ࠄޔߘߩਛߢ߽
ᦨ߽ᵄᒻߩ቟ቯߒߡ޿ࠆߣᕁࠊࠇࠆ඙㑆ߩᄌ૏ࠍขࠅ಴ߒߚޕᄌ૏ߪ࿑ 4߅ࠃ߮࿑ 5ߩࠬࡍࠢ࠻࡞Ყߢࡇ࡯
ࠢߩ⷗ࠄࠇߚ๟ᵄᢙᏪߢࡃࡦ࠼ࡄࠬࡈࠖ࡞࠲࡯ߦࠃࠅᏪၞ೙㒢ߒߡ᳞߼ߚޕᏪၞ೙㒢ߦ↪޿ߚ๟ᵄᢙᏪߪฦ
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ࠣ࡜ࡈߩਛߦ␜ߒߚㅢࠅߢ޽ࠆޕߤߩ᳃ኅߦߟ޿ߡ߽ޔ㑆ญᣇะߩ 1ᰴ࿕᦭๟ᵄᢙઃㄭߩ๟ᵄᢙᏪߢ᳞߼ߚ
ᄌ૏゠〔㧔㤥ታ✢㧕ߪ❑㐳ߩᒻ⁁ࠍߒߡ߅ࠅޔ㑆ญᣇะߦ߶߷ਗㅴㆇേࠍߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ
DIኅޔKDኅߦߟ޿ߡߪ㑆ญᣇะߩᄌ૏߇․ߦᒝ⺞ߐࠇߡ޿ࠆޕߎࠇߪ࿑ 4ߩ⚿ᨐߦ␜ߐࠇߡ޿ࠆࠃ߁ߦޔ
㑆ญᣇะߩࠬࡍࠢ࠻࡞Ყ߇ᅏⴕᣇะߦᲧߴߡ߆ߥࠅᄢ߈޿ߎߣࠍ෻ᤋߒߡ޿ࠆޕ৻ᣇޔAKኅߩ 3.0-4.0Hz߿
4.0-5.0Hz ߢߪޔᄌ૏゠〔ߪᢳ߼ߦ௑ᢳߒߚゲࠍᜬߟᬦ౞ᒻࠍ␜ߒߡ޿ࠆޕDI ኅߩ 3.0-4.0HzޔKD ኅߩ 2.5-
3.5Hz ߢߪߘࠇߙࠇ࿑ 4 ߩࠬࡍࠢ࠻࡞Ყߢߪ߿߿ዊߐߥࡇ࡯ࠢ߇⷗ࠄࠇࠆޕߎࠇࠄߩ๟ᵄᢙᏪߦኻᔕߔࠆᄌ
૏゠〔ߪᝄ᏷ߪዊߐ޿߽ߩߩޔ߿߿௑ᢳߒߚᬦ౞⁁ࠍ␜ߒߡ޿ࠆޕ߹ߚޔMY ኅߩ 2.5-3.5HzޔNK ኅߩ 3.0-
4.0HzޔST ኅߩ 3.5-4.5Hz ߢߪᄌ૏゠〔߇Ყセ⊛ᄢ߈ߥ⤘ࠄߺࠍᜬߞߚᒻ⁁ࠍ␜ߒߡ޿ࠆޕߎࠇࠄᄌ૏゠〔
ߩᒻ⁁ߣ࿑ 4 ߩࠬࡍࠢ࠻࡞Ყࠍ⷗Ყߴߡߺࠆߣޔ1 ᰴ࿕᦭๟ᵄᢙࠃࠅ߽߿߿㜞޿๟ᵄᢙᏪߢޔᅏⴕᣇะߩࡇ
࡯ࠢߣ㑆ญᣇะߩࡇ࡯ࠢ߇ㄭធߒߡ޿ࠆߎߣ߇ࠊ߆ࠆޕᓥߞߡޔߎߩ๟ㄝߩ๟ᵄᢙᏪߢޔߨߓࠇᝄേᚑಽ߇
⃻ࠇߡ޿ࠆน⢻ᕈ߇⠨߃ࠄࠇࠆޕ
䎐䎔䎛䎓
䎐䎜䎓
䎓
䎜䎓
䎔䎛䎓
䎳䏋
䏄䏖
䏈䎃䎶
䏓䏈
䏆䏗
䏕䏘
䏐
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎱䎰ኅ䯴ਛᄩ䎒ධ┵䯵
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
䎐䎔䎛䎓
䎐䎜䎓
䎓
䎜䎓
䎔䎛䎓
䎳䏋
䏄䏖
䏈䎃䎶
䏓䏈
䏆䏗
䏕䏘
䏐
䎔䎓䎜䎛䎚䎙䎘䎗䎖䎕䎔
䎩䏕䏈䏔䏘䏈䏑䏆䏜䎋䎫䏝䎌
䎱䎰ኅ䯴ർ┵䎒ධ┵䯵
䎃ᅏⴕᣇะ
䎃㑆ญᣇะ
࿑ 7 ਛᄩ㧛ධ┵ߣർ┵㧛ධ┵ߩ૏⋧ࠬࡍࠢ࠻࡞
䎖䎓䎓䏛䎔䎓䎐䎙
䎕䎓䎓
䎔䎓䎓
䎓
䎐䎔䎓䎓
䎐䎕䎓䎓
䎐䎖䎓䎓
㑆
ญ
ᣇ
ะ
䬽ᄌ
૏
䎋䏆䏐
䎌
䎕䎓䎓䏛䎔䎓䎐䎙䎓䎐䎕䎓䎓
ᅏⴕᣇะ䬽ᄌ૏䎋䏆䏐䎌
䎃䎕䎑䎓䎐䎖䎑䎓䎫䏝
䎃䎖䎑䎓䎐䎗䎑䎓䎫䏝
䎃䎗䎑䎓䎐䎘䎑䎓䎫䏝
䎤䎮ኅ
䎐䎛䎓䎓
䎐䎙䎓䎓
䎐䎗䎓䎓
䎐䎕䎓䎓
䎓
䎕䎓䎓
䎗䎓䎓
䎙䎓䎓
䏛䎔
䎓䎐䎙
䎃
䎐䎛䎓䎓䏛䎔䎓䎐䎙 䎐䎗䎓䎓 䎓 䎗䎓䎓
ᅏⴕᣇะ䬽ᄌ૏䎋䏆䏐䎌
䎧䎬ኅ
䎃䎔䎑䎓䎐䎕䎑䎓䎫䏝
䎃䎖䎑䎓䎐䎗䎑䎓䎫䏝
䎃䎗䎑䎓䎐䎘䎑䎓䎫䏝 䎐䎔䎑䎘
䎐䎔䎑䎓
䎐䎓䎑䎘
䎓䎑䎓
䎓䎑䎘
䎔䎑䎓
䎔䎑䎘
䏛䎔
䎓䎐䎖
䎃
䎐䎔䎑䎓䏛䎔䎓䎐䎖 䎓䎑䎓 䎔䎑䎓
ᅏⴕᣇะ䬽ᄌ૏䎋䏆䏐䎌
䎃䎔䎑䎘䎐䎕䎑䎘䎫䏝
䎃䎕䎑䎘䎐䎖䎑䎘䎫䏝
䎃䎖䎑䎘䎐䎗䎑䎘䎫䏝
䎮䎧ኅ
䎐䎗䎓䎓䏛䎔䎓䎐䎙
䎐䎕䎓䎓
䎓
䎕䎓䎓
䎗䎓䎓
㑆
ญ
ᣇ
ะ
䬽ᄌ
૏
䎋䏆䏐
䎌
䎐䎗䎓䎓䏛䎔䎓䎐䎙䎐䎕䎓䎓 䎓 䎕䎓䎓 䎗䎓䎓
ᅏⴕᣇะ䬽ᄌ૏䎋䏆䏐䎌
䎃䎔䎑䎘䎐䎕䎑䎘䎫䏝
䎃䎕䎑䎘䎐䎖䎑䎘䎫䏝
䎃䎗䎑䎓䎐䎘䎑䎓䎫䏝
䎰䎼ኅ
䎐䎕䎓䎓
䎐䎔䎓䎓
䎓
䎔䎓䎓
䎕䎓䎓
䏛䎔
䎓䎐䎙
䎃
䎐䎕䎓䎓䏛䎔䎓䎐䎙䎐䎔䎓䎓 䎓 䎔䎓䎓 䎕䎓䎓
ᅏⴕᣇะ䬽ᄌ૏䎋䏆䏐䎌
䎃䎕䎑䎓䎐䎖䎑䎓䎫䏝
䎃䎖䎑䎓䎐䎗䎑䎓䎫䏝
䎱䎮ኅ
䎐䎕䎓䎓
䎓
䎕䎓䎓
䏛䎔
䎓䎐䎙
䎃
䎐䎕䎓䎓䏛䎔䎓䎐䎙 䎓 䎕䎓䎓
ᅏⴕᣇะ䬽ᄌ૏䎋䏆䏐䎌
䎃䎕䎑䎓䎐䎖䎑䎓䎫䏝
䎃䎗䎑䎓䎐䎘䎑䎓䎫䏝
䎃䎘䎑䎘䎐䎙䎑䎘䎫䏝
䎱䎰ኅ
䎐䎕䎓䎓䏛䎔䎓䎐䎙
䎐䎔䎓䎓
䎓
䎔䎓䎓
䎕䎓䎓
᪞
㑆
ᣇ
ะ
䬽ᄌ
૏
䎋䏆䏐
䎌
䎐䎕䎓䎓䏛䎔䎓䎐䎙䎐䎔䎓䎓 䎓 䎔䎓䎓 䎕䎓䎓
ᩴⴕᣇะ䬽ᄌ૏䎋䏆䏐䎌
䎃䎕䎑䎓䎐䎖䎑䎓䎫䏝
䎃䎖䎑䎘䎐䎗䎑䎘䎫䏝
䎃䎗䎑䎘䎐䎘䎑䎘䎫䏝
䎶䎷ኅ
࿑ 8 ฦ᳃ኅߩ 2㓏ߩᄌ૏゠〔
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࿑ 9ߦߪ NMኅߩ 2㓏ߦ⸳⟎ߒߚㅦᐲ⸘ߩ⸥㍳߆ࠄ᳞߼ߚޔ2㓏ߩධ┵ߣਛᄩޔධ┵ߣർ┵ߩ㑆ญᣇะߩ
ᄌ૏ᵄᒻࠍ␜ߔޕ2㓏ߩㅦᐲ⸘ߩ⸳⟎૏⟎ߪ࿑ 3ߦ␜ߒߚㅢࠅߢ޽ࠆޕ࿑ 9Ꮐ஥ߩ೉ߩࠣ࡜ࡈߪධ┵ߣਛᄩޔ
ฝ஥ߩ೉ߩࠣ࡜ࡈߪධ┵ߣർ┵ߩᄌ૏ᵄᒻߢ޽ࠆޕ࿑ 8ߩᄌ૏゠〔ߣห᭽ߦࡃࡦ࠼ࡄࠬࡈࠖ࡞࠲࡯ࠍ↪޿ߡ
࿑ 4 ߩࠬࡍࠢ࠻࡞Ყߩࡇ࡯ࠢࠍᜬߟ๟ᵄᢙᏪߩᄌ૏ᚑಽࠍ᳞߼ߡ޿ࠆޕᄌ૏ߪ⸘᷹ߒߚోᤨ㑆߆ࠄ 10 ඙㑆
40.96⑽㑆ߦࠊߚߞߡ᳞߼ߡ޿ࠆ߇ޔߎߎߢߪߘߩ৻ㇱߩ 5⑽㑆ࠍ␜ߔޕ
๟ᵄᢙᏪߢ 2.0-3.0Hzߪ NMኅߩ㑆ญᣇะߩ 1ᰴ࿕᦭๟ᵄᢙߦ⹥ᒰߒޔᄌ૏ᵄᒻࠍ⷗ߡ߽ޔධ┵ߣਛᄩޔ
ධ┵ߣർ┵ߣ߽ห૏⋧ߢᝄേߒߡ޿ࠆߎߣ߇ࠊ߆ࠆޕᓥߞߡޔߎߩ๟ᵄᢙᏪޔߔߥࠊߜ㑆ญᣇะߩ 1ᰴߩ࿕
᦭๟ᵄᢙߩ๟ㄝߢߪޔᑪ‛ߪ߶߷ਗㅴㆇേࠍߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ
৻ᣇޔ࿑ 4ߩࠬࡍࠢ࠻࡞ᲧߢޔNMኅߩᅏⴕᣇะߩ 1ᰴ࿕᦭๟ᵄᢙߢ޽ࠆ 4.0-5.0Hzߢߪޔධ┵ߣਛᄩޔධ
┵ߣർ┵ߣ߽ߦᄌ૏ᵄᒻߪㅒ૏⋧ߢᝄേߒߡ޿ࠆ᭽ሶ߇⷗ࠄࠇޔߨߓࠇᝄേ߇⿠߈ߡ޿ࠆߎߣ߇␜ໂߐࠇࠆޕ
ߎߩ๟ᵄᢙᏪߢߩᄌ૏ᝄ᏷ߪධ┵ߣਛᄩߢߪ᭎ߨධ┵ߩ߶߁߇ᄢ߈޿߇ޔ࿑ 9ਛᲑᏀ࿑ߩࠣ࡜ࡈࠃࠅޔᝄ᏷
ߩᄢዊ㑐ଥ߇౉ࠇᦧࠊߞߡ޿ࠆ඙㑆߽⷗ࠄࠇࠆޕ࿑ 5߅ࠃ߮࿑ 6ߦࠃࠆߣޔ4.0-5.0Hzߪ 2㓏ਛᄩߩ㑆ญᣇะ
ߩࠬࡍࠢ࠻࡞Ყ߇ 2㓏ධ┵ࠃࠅ߽ૐਅߔࠆ๟ᵄᢙᏪߢ޽ࠅޔหߓߊ 2㓏ർ┵ߩࠬࡍࠢ࠻࡞Ყ߇ධ┵ߦኻߒߡ
ࡇ࡯ࠢࠍᜬߟ๟ᵄᢙᏪߢ߽޽ࠆޕᓥߞߡޔߎߩ๟ᵄᢙᏪߩ 2㓏ߩᝄേߪධ┵㧙ਛᄩ㧙ർ┵ߦߟ޿ߡޔޟߊޠ
ߩሼဳߩࠃ߁ߥⶄ㔀ߥᝄേࠍߒߡ޿ࠆน⢻ᕈ߽⠨߃ࠄࠇࠆޕߚߛߒޔ2 㓏ᐔ㕙ߩ᷹ⷰߪධ┵㧙ਛᄩޔධ┵㧙
ർ┵ߩ⚵วߖߢⴕߞߡ޿ࠆߚ߼ޔධ┵㧙ਛᄩ㧙ർ┵ߩ 3ὐหᤨ᷹ⷰߢߪߥߊޔ޽ߊ߹ߢ⋧ኻ⊛ߥ⹏ଔߣߥߞ
ߡ޿ࠆߎߣߦᵈᗧࠍⷐߔࠆޕ
 NM ኅߩ㑆ญᣇะߩ 2 ᰴ࿕᦭๟ᵄᢙߩ๟ㄝߦ޽ߚࠆ 5.5-6.5Hz ߩᄌ૏ᵄᒻߦߟ޿ߡߪޔධ┵ߣਛᄩߩᝄേ
ߪ߶߷ห૏⋧ߢ޽ࠆ߇ޔධ┵ߣർ┵ߢߪ૏⋧߇߿߿ߕࠇࠆ඙㑆߽⷗ࠄࠇࠆޕ࿑ 6߆ࠄߎߩ๟ᵄᢙᏪߢߪධ┵
ߣർ┵ߩࠬࡍࠢ࠻࡞Ყߦᄢ߈ߥ⪭ߜㄟߺ߇⷗ࠄࠇࠆߎߣ߇ᓇ㗀ߒߡ޿ࠆߣᕁࠊࠇࠆޕએ਄ߩ⚿ᨐࠃࠅޔർ┵
ߩേ߈ߪᲧセ⊛㜞๟ᵄᢙߢਛᄩ߿ධ┵ߣ߆ߥࠅ⇣ߥࠆ߽ߩߢ޽ࠅޔㅦᐲ⸘ࠍ⸳⟎ߒߚർ┵ߩㇱಽߪᡷ▽߿ᑪ
Ⴧߒߥߤߩᓇ㗀ࠍฃߌߡ޿ࠆน⢻ᕈ߽޽ࠆޕ
䎐䎗䎓䎓䏛䎔䎓䎐䎙
䎐䎕䎓䎓
䎓
䎕䎓䎓
䎗䎓䎓
䎧䏌
䏖䏓
䏏䏄䏆
䏈䏐
䏈䏑
䏗䎋䏆
䏐䎌
䎖䎓䎕䎜䎕䎛䎕䎚䎕䎙䎕䎘
䎷䏌䏐䏈䎋䏖䎌
䎃ධ┵
䎃ਛᄩ
䎕䎑䎓䎐䎖䎑䎓䎫䏝 䎕䎓䎓䏛䎔䎓
䎐䎙
䎔䎓䎓
䎓
䎐䎔䎓䎓
䎐䎕䎓䎓䎧
䏌䏖䏓
䏏䏄䏆
䏈䏐
䏈䏑
䏗䎋䏆
䏐䎌
䎖䎓䎕䎜䎕䎛䎕䎚䎕䎙䎕䎘
䎷䏌䏐䏈䎋䏖䎌
䎃ධ┵
䎃ർ┵
䎕䎑䎓䎐䎖䎑䎓䎫䏝
䎐䎔䎓䏛䎔䎓䎐䎙
䎐䎘
䎓
䎘
䎔䎓
䎧䏌
䏖䏓
䏏䏄䏆
䏈䏐
䏈䏑
䏗䎋䏆
䏐䎌
䎔䎙䎔䎘䎔䎗䎔䎖䎔䎕䎔䎔
䎷䏌䏐䏈䎋䏖䎌
䎃ධ┵
䎃ਛᄩ
䎗䎑䎓䎐䎘䎑䎓䎫䏝
䎐䎛䎓䏛䎔䎓䎐䎙
䎐䎗䎓
䎓
䎗䎓
䎛䎓
䎧䏌
䏖䏓
䏏䏄䏆
䏈䏐
䏈䏑
䏗䎋䏆
䏐䎌
䎗䎓䎖䎜䎖䎛䎖䎚䎖䎙䎖䎘
䎷䏌䏐䏈䎋䏖䎌
䎗䎑䎓䎐䎘䎑䎓䎫䏝
䎃ධ┵
䎃ർ┵
䎕䎓䏛䎔䎓䎐䎙
䎔䎓
䎓
䎐䎔䎓
䎐䎕䎓䎧
䏌䏖䏓
䏏䏄䏆
䏈䏐
䏈䏑
䏗䎋䏆
䏐䎌
䎖䎓䎕䎜䎕䎛䎕䎚䎕䎙䎕䎘
䎷䏌䏐䏈䎋䏖䎌
䎃ධ┵
䎃ਛᄩ
䎘䎑䎘䎐䎙䎑䎘䎫䏝
䎐䎔䎓䏛䎔䎓䎐䎙
䎐䎘
䎓
䎘
䎔䎓
䎧䏌
䏖䏓
䏏䏄䏆
䏈䏐
䏈䏑
䏗䎋䏆
䏐䎌
䎖䎓䎕䎜䎕䎛䎕䎚䎕䎙䎕䎘
䎷䏌䏐䏈䎋䏖䎌
䎃ධ┵
䎃ർ┵
䎘䎑䎘䎐䎙䎑䎘䎫䏝
࿑ 8 NMኅ 2㓏ߩ㑆ญᣇะߩᄌ૏ᵄᒻ㧔Ꮐ೉㧦ධ┵ߣਛᄩޔฝ೉㧦ධ┵ߣർ┵㧕
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５．まと߼ 
 ንጊ⋵ṖᎹᏒ߅ࠃ߮ߘߩ๟ㄝߦ޽ࠆޟᨒߩౝޠ᭴ㅧࠍᜬߟฎ᳃ኅߩᏱᤨᓸേ᷹ⷰࠍⴕ޿ޔߘߩᝄേ․ᕈߦ
ߟ޿ߡᬌ⸛ߒߚޕᓧࠄࠇߚ⚿ᨐࠍએਅߦ␜ߔޕ
1㧕᷹ⷰࠍⴕߞߚ᳃ኅߩᐔ㕙ᒻ⁁ߪ㑆ญ/ᅏⴕߩᐔ㕙❑ᮮᲧߢ0.9㨪2.3ߢ޽ࠅޔ1ᰴ࿕᦭๟ᵄᢙߪ㑆ญᣇะߢ
1.7Hz㨪2.7Hzޔᅏⴕᣇะߢ3.0Hz㨪4.6Hzߢ޽ߞߚޕ㑆ญᣇะߪ㆏〝ߦ㕙ߒߡ߅ࠅޔ㐿ญㇱ߇ᄙߊ೰ᕈ߇
Ყセ⊛ૐߊߥߞߡ޿ࠆߩߦኻߒߡޔᅏⴕᣇะߦߪᄖო߇޽ࠅޔ㐿ญㇱ߇߶ߣࠎߤߥ޿ߚ߼ޔߎߩࠃ߁ߥ
௑ะ߇⃻ࠇߡ޿ࠆޕ
2㧕 1㓏ߣ2㓏ߩ᷹ⷰ⸥㍳߆ࠄ᳞߼ߚࠬࡍࠢ࠻࡞Ყ߆ࠄߪޔ޿ߊߟ߆ߩ᳃ኅߢ㑆ญᣇะߩ㜞ᰴߩ࿕᦭๟ᵄᢙߣ
ᅏⴕᣇะߩ1ᰴ࿕᦭๟ᵄᢙ߇ㄭធߔࠆ⚿ᨐ߇⷗ࠄࠇߚޕ2㓏ਛᄩߢߩᄌ૏ᵄᒻࠍ㑆ญᣇะޔᅏⴕᣇะߩᄌ
૏゠〔ߢ⴫ߔߣޔ㑆ญᣇะߩ1ᰴ࿕᦭๟ᵄᢙઃㄭߢߪޔਗㅴㆇേࠍ␜ߔ❑㐳ߩᄌ૏゠〔ࠍឬ޿ߡ޿ࠆߩ
ߦኻߒޔᅏⴕᣇะߩ1ᰴ࿕᦭๟ᵄᢙߣ㑆ญᣇะߩ㜞ᰴߩ࿕᦭๟ᵄᢙ߇ㄭធߒߡ޿ࠆ๟ᵄᢙᏪߢߪޔᄌ૏
゠〔߇ᢳ߼ߦ௑ᢳߒߡ޿ߚࠅޔᬦ౞⁁ߦ⤘ࠄ߻௑ะ߇޽ߞߚࠅߔࠆߥߤޔߨߓࠇᝄേߩน⢻ᕈࠍ␜ໂߔ
ࠆ߽ߩߢ޽ߞߚޕ
3㧕 NMኅߩ2㓏ਛᄩߣ2㓏ධ┵ޔ2㓏ർ┵ߣ2㓏ධ┵ߩᄌ૏ᵄᒻߩᲧセࠃࠅޔ㑆ญᣇะߩ1ᰴ࿕᦭๟ᵄᢙㄝࠅߢ
ߪޔߘࠇߙࠇߩᄌ૏ᵄᒻߪห૏⋧ߩᝄേࠍ␜ߒߡ޿ߚޕ৻ᣇޔᄌ૏゠〔߇ᬦ౞⁁ࠍឬߊ๟ᵄᢙᏪޔߔߥ
ࠊߜ㑆ญᣇะߩ㜞ᰴߩ๟ᵄᢙᏪ߿ᅏⴕᣇะߩ1ᰴ࿕᦭๟ᵄᢙᏪߢߪޔㅒ૏⋧ߦᝄേߔࠆᵄᒻ߇⷗ࠄࠇޔ
ߎߩ⚿ᨐ߆ࠄ߽Ყセ⊛㜞ᰴߩ๟ᵄᢙᏪߢߨߓࠇᝄേ߇ബ⿠ߐࠇࠆน⢻ᕈ߇␜ໂߐࠇࠆޕ߹ߚޔᲧセ⊛㜞
޿๟ᵄᢙᏪߢߪධ┵㧙ਛᄩ㧙ർ┵ߢޟߊޠߩሼဳߩᝄേࠍߒߡ޿ࠆน⢻ᕈࠍᜰ៰ߒߚޕߎࠇߪᑪ‛ർ┵
ㇱಽ߇ᡷ▽߿ᑪჇߒߥߤߩᓇ㗀ࠍฃߌߡ޿ࠆน⢻ᕈ߇޽ࠆޕ
ޟᨒߩౝޠߪߎߩ࿾ᣇ⁛․ߩવ⛔⊛ߥᑪ▽᭴ᴺߩ৻ߟ޽ࠅޔવ⛔⊛ᑪㅧ‛ߣߒߡߩᢥൻㆮ↥⊛ଔ୯߇㜞޿
߽ߩߢ޽ࠆߣߣ߽ߦޔ੹ᓟޔฎ᳃ኅࠍᡷ▽ߔࠆ႐วߥߤߦ߽࿾ၞ⊛ߥ૑ቛߩ․ᓽࠍ␜ߔ߽ߩߣߒߡ೑↪ߢ߈
ࠆޕવ⛔⊛ߥ᳃ኅߦ߅޿ߡޟᨒߩౝޠߪ᳓ᐔ᭴㕙ߦኻߒߡ೰ᕈߩ㜞޿ⷐ⚛ߣ⠨߃ࠄࠇࠆߎߣ߆ࠄޔߨߓࠇᝄ
േߩ໧㗴ߪ㊀ⷐߢ޽ࠅޔᒁ߈⛯߈ᬌ⸛ࠍⴕ޿ߚ޿ޕ
謝辞：ᧄ⺞ᩏ⎇ⓥߪ⑼ቇ⎇ⓥ⾌⵬ഥ㊄
ၮ⋚⎇ⓥ
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᷹ࠍⴕ߁ߦ޽ߚࠅᔟߊߏදജ޿ߚߛ޿ߚޔਛደ৻ඳ᳁ޔ㊄ጊᓆᄦ᳁ޔਛ㊁㊀శ᳁ޔᐢᯅ๺ⷫ᳁ޔᴤᧄ⟵ᐢ᳁ޔ
ၔᚭᜏ৻᳁ޔ࿯⢈ⓛ᳁ޔ⩲↰቟↵᳁ޔ⿒ოൎ↵᳁ޔ᦭㒢ળ␠0#K5૑⸳ߩᣇޘޔߪߓ߼㑐ଥฦ૏ߦᔃࠃࠅᗵ⻢
޿ߚߒ߹ߔޕᧄᢥਛߦ↪޿ߚ࿑㕙ߪޔർᶏ㆏ᄢቇ࡮ᳰ਄㊀ᐽഥᢎޔ⑺↰Ꮏᬺ㜞╬ኾ㐷ቇᩞ࡮ⷺືಎᢎ᝼ޔ᧲
ർᄢቇᄢቇ㒮Ꮏቇ⎇ⓥ⑼ㇺᏒ࡮ᑪ▽ቇኾ᡹ᢥൻ࿤ၞቇ⎇ⓥಽ㊁ߩ⊝ߐࠎߦࠃࠆ⺞ᩏߦၮߠ߈ޔ᧲ർᄢቇᄢቇ
㒮࡮Ⴧ↰᥍ᄦ᳁ޔᤊ⢒ᕺ᳁ߦ૞ᚑߒߡ޿ߚߛ߈߹ߒߚޕᏱᤨᓸേ᷹ⷰߦ㑐ߒߡߪ⑺↰⋵┙ᄢቇࠢࠕ࠼࡜࡮ࠞ
࡞ࡠࠬಎᢎ᝼߆ࠄᯏེ৻ᑼࠍ⾉ߒߡ޿ߚߛ߈߹ߒߚޕߎߎߦᷓߊᗵ⻢޿ߚߒ߹ߔޕ߹ߚޔ⾆㊀ߥߏᗧ⷗࡮ߏ
ᜰ៰ࠍ޿ߚߛ޿ߚᩏ⺒⠪2ฬߦᗵ⻢޿ߚߒ߹ߔޕ
ෳ⠨ᢥ₂ 
1) ᣂዬ⮣ሶ࡮ᨋᐽ⵨࡮᫪੗㓶ผ࡮੗↰␽ሶ࡮㋈ᧁ␽ਯ㧦Ᏹᤨᓸേ⸘᷹߆ࠄផቯߐࠇࠆ੩↸ደߩᝄേᕈ⁁㧘ᣣᧄᑪ▽ቇ
ળ᭴ㅧ♽⺰ᢥ㓸㧘╙613ภ㧘pp.43-50㧘2007.
2) 㗇↰㆐࡮㋈ᧁ␽ਯ࡮ᅏ↰ㄖ㓶࡮ᢪ⮮ᐘ㓶࡮ᓟ⮮ᱜ⟤࡮ᷡ᳓⑲ਣ㧦ᣢሽ੩↸ደߩታᄢ㔡േบታ㛎ߦࠃࠆ⠴㔡ᕈ⢻ߣ⠴
㔡⵬ᒝ㧘╙12࿁ᣣᧄ࿾㔡Ꮏቇࠪࡦࡐࠫ࠙ࡓ㧘pp.802-805㧘2006.
3) ᑪ▽ᄢㄉౖ㧘ᓆ࿖␠㧘1981㧚
8
－50－
